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PhysiosorptionAbstract In the present study mentha treated carbon (MTC) has been utilized as a novel adsorbent
for the removal of Pb(II) in single and quaternary systems from aqueous solution. The effects of
various parameters like pH, contact time and ionic strength have been studied. The adsorbent
was characterized by FTIR in order to ﬁnd the functional groups present on the adsorbent. The
equilibrium was attained in 180 min. The maximum adsorption of Pb(II) was observed at pH 6.
The adsorption isotherm studies show that data are ﬁtted well with Freundlich and Temkin iso-
therms model. The kinetics data show that boundary layer diffusion is the rate controlling step
for the adsorption process and it is dominant when Pb(II) ion concentration is higher. The adsorp-
tion of Pb(II) increases with the increase in the ionic strength of the solution. The positive value of
DH0 indicates the reaction to be endothermic in nature. The activation energy was found to be
20.60 kJ/mol K indicating physiosorption.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Heavy metal ions such as lead, cadmium, mercury, chromium,
nickel, zinc and copper are non-biodegradable. Therefore, they
can be toxic and carcinogenic even at very low concentrations,
and hence, usually pose a serious threat to the environmental
and public health (Liu et al., 2008). Lead is a common contam-
inant in industrial wastewaters, and considerable attention hasbeen paid for its removal from industrial wastewater. According
to the ranking of metal interested priorities referred by Volesky
(2001) lead is one of the most interesting heavy metals for re-
moval and recovery considering the combination of environ-
mental risk and reserve depletion. This metal is widely used in
many industrial applications, such as storage battery manufac-
turing, painting pigment, fuels, photographic materials, explo-
sive manufacturing, coating, automobile, aeronautical and
steel industries (Jalali et al., 2002; Igbal and Edyvean, 2004;
Sekhar et al., 2004; Selania et al., 2004). Lead pollution also
results from textile dyeing, ceramic and glass industries, petro-
leum reﬁning, battery manufacture and mining operations
(Aksu, 1998). Lead is a highly toxic and cumulative poison,
accumulates mainly in the bones, brain, kidneys and muscles.
Lead poisoning in human causes severe damage to the kidneys,
nervous and reproductive systems, liver and brain (Naiyaa
et al., 2009). In drinking water, even a low concentration may
cause anemia, encephalopathy, hepatitis and nephritis syn-
drome (Lo et al., 1999). The permissible limit for Pb(II) in waste
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0.05 mg L1 and that of the Bureau of Indian Standard (BIS) is
0.1 mg L1 (Anonymous, 1981) and in drinking water intended
for drinking, as set by the EU,USEPA andWHO is 0.010, 0.015
and 0.010 mg L1, respectively (Bhattacharjee et al., 2003;
Balaria et al., 2008). It is therefore, essential to remove Pb(II)
from wastewater before disposal.
The traditional methods for the treatment of lead and other
toxic heavy metals contaminated in wastewaters include com-
plexation, chemical oxidation or reduction, solvent extraction,
chemical precipitation, reverse osmosis, ion exchange, ﬁltra-
tion, membrane processes, evaporation and coagulation, nev-
ertheless these techniques have disadvantages including
incomplete metal removal, high consumption of reagent and
energy, low selectivity, high capital and operational cost and
generation of secondary wastes that are difﬁcult to dispose
off (Eren et al., 2009; Aksu et al., 2002). Adsorption, on the
other hand, is one of the most recommended physico-chemical
treatment processes that is well recognized as one of the highly
efﬁcient methods for recovery and treatment of heavy metals
from their matrices, samples and aqueous solutions based on
the utilization of solid adsorbents from either organic, inor-
ganic, biological or low-cost materials (Mahmoud, 2006). In
our earlier studies we have utilized various types of low cost
adsorbents like coniferous Pinus bark powder, treated ginger
carbon, Polyaniline/iron oxide composite, and alumina rein-
forced polystyrene for the removal of dyes/metals from aque-
ous solution (Rais, 2009; Rais and Kumar, 2010, 2011).
In the present work, Mentha piperita (an agricultural solid
waste) has been utilized as a potential adsorbent for the treat-
ment of Pb(II) in single and quaternary systems (Pb + Cu +
Ni + Cd) from aqueous solution by systematic evaluation
using a set of parameters like pH, concentration, time, temper-
ature and ionic strength. The resultant data were examined
using pseudo-ﬁrst-order, pseudo-second-order, intraparticle
diffusion and elovich equation. Isotherm studies and thermo-
dynamic behavior of adsorption were also evaluated. The
desorption studies were also carried out in order to make the
process more economical and feasible.
2. Experimental methods
2.1. Materials
Solutions of different metal ions (lead nitrate, cadmium ni-
trate, nickel nitrate and copper nitrate) were of analytical
grade. Stock solutions (1000 mg/L) of different metal ions were
prepared by dissolving the required quantity in double distilled
water. HCl, NaOH, ZnCl2, and NaNO3 used in the experi-
ments were of analytical grade.
2.2. Adsorbent preparation
The adsorbent was collected from one of the villages of Ali-
garh city, India. Prior to use, the mentha was washed with
double distilled water to remove the adhering dirt and dried
at 80 C. The dried material was then placed in the silica cru-
cible and kept in the mufﬂe furnace at 750 C. The resultant
carbon was cooled in the desiccators and ground and sieved
to (50–100) mesh size. The carbon prepared was then treated
with 0.1 M ZnCl2 for 24 h. It was then ﬁltered and washedwith double distilled water. The material was further washed
with 0.5 M HCl and then again rinsed with double distilled
water to remove the acid. It was further dried in an oven
and used as such for adsorption studies.
2.3. Characterization
The surface morphology of Mentha treated carbon (MTC) was
analyzed by scanning electron microscopy (SEM, LEO-450,
England) at 1500 magniﬁcation. The Fourier transform infrared
spectroscopy (FTIR) analysis was done to study the functional
groups in the range of 400–4000 cm1 using a FTIR spectropho-
tometer (Inter-spec 2020, Spectrolab, UK) in KBr pellets. The
concentration of Pb(II) and the combination of metal ions were
analyzed using a Atomic absorption spectrophotometer (GBC
902, Australia). The pH measurements were made using a pH
meter (Elico Li-120, India). The elemental analysis of the adsor-
bent was performed using EA1108 (Carlo-Erba).The total num-
ber of acidic sites matching carboxylic, phenolic and lactonic
sites were neutralized using alkaline solutions (0.1 N NaOH,
0.1 N Na2CO3, and 0.1 N NaHCO3) (Ghodbane et al., 2008).
2.4. Point of zero charge
The determination of the point of zero charge (pHzpc) was
done to investigate the surface charge and acid and basic char-
acters of the adsorbent (Rodavic, 2008). For that 0.1 M KCl
solution was prepared and its initial pH was adjusted between
2 and 12 by NaOH and HCl and then 25 ml of 0.1 M KCl was
taken in 100 ml ﬂasks and 0.05 g of the adsorbent was added to
each solution. The ﬂasks were kept for 24 h and the ﬁnal pH of
the solution was measured by using the pH meter. The graph
was plotted between initial and ﬁnal pH and the point of Zero
charge was determined.
2.5. Batch adsorption study
The batch adsorption experiments were carried out in 250 ml
erlenmeyer ﬂasks containing 50 ml Pb(II) and a quaternary sys-
tem (50 mg/L) on a rotary shaker at 120 rpm at a temperature
of 30 C. The samples were taken at deﬁnite time intervals of (5,
10, 15, 30, 60, 120 and 180 min) and were ﬁltered after 3 h. The
Pb(II) in the remaining solution was then analyzed. The effect
of solution pH was performed in the range (2–7) for 50 mg/L.
The initial metal ion concentration was determined between
(20 and 100 mg/L). The adsorption efﬁciency (%) and capacity
of the adsorbent were calculated from the formula:
% ¼ 100 ðC0  CÞ=C ð1Þ
Qe ¼ ðC0  CÞ=W V ð2Þ
whereC0 is the initial metal ion concentration (mg/L), C is the
ﬁnal metal ion concentration (mg/L), Qe is the adsorption
capacity (mg/g), W is the weight of the adsorbent in gm, and
V is the volume of the metal ion solution (L).
3. Results and discussions
3.1. Characterization
Figure 1 shows the morphology of MTC samples. Sample (A)
exhibits a porous and amorphous structure before adsorption.
Figure 1 SEM micrographs (A) before adsorption and (B) after
adsorption.
S414 R. Ahmad, S. HaseebSample (B) exhibits that the pores have been occupied by lead
ions after adsorption. The FTIR spectra of mentha treated car-
bon before and after adsorption of Pb(II) have been shown in
Figure 2. The shift in the peak from 2361.2 to 2358.7 cm1 is
attributed to CH-groups. The shift in the peak from 1457.9
to 1590.4 cm1 is attributed to C–C-bonds of aromatic rings
(Ngah and Hanaﬁah, 2008). The shift in the peak from
1702.1–1723.0 cm1 is due to C= 0 groups. The shift in the
peaks from 1221.4 to 1219.8 cm1 is attributed to C0 groups.Figure 2 FTIR spectra (A) bef3.2. Elemental and active site analysis
The elemental analysis of mentha treated carbon is shown in
Table 1.The high percentage of carbon (77.96%) present in
the material is responsible for greater amount of adsorption
of lead from aqueous solution. Table 2 shows the various ac-
tive sites present on the adsorbent and among all the acid sites
are predominant and probably responsible for Pb(II) ion
adsorption.
3.3. Effect of contact time
The contact time was studied in the range of 5–180 min at
30 C, pH 6 and initial concentration of 50 mg/L for both
Pb(II) and combination of metal ions (Figure 3). This shows
a very fast adsorption in the beginning and then slows down.
The adsorption equilibrium was attained in 180 min and the
maximum adsorption capacity was found to be 18 mg/g for
single and 23.5 mg/g for multimetal ions and the similar result
has also been reported by (Srivastava et al., 2005). After this
period the amount of metal ions adsorbed did not change sig-
niﬁcantly with time. The rapid uptake of metal ions on theore and (B) after adsorption.
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Figure 3 Effect of contact time.
Table 2 Determination of active sites.
Active sites Concentration (mg/L)
Acidic 0.1
Carboxylic 0.03
Lactonic + carboxylic 0.13
Phenolic 0.09
Basic 0.057
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Figure 5 Point of zero charge.
Table 1 Elemental analysis of mentha treated adsorbent.
Element %
Carbon 77.96
Hydrogen 2.59
Nitrogen 0.93
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bent were exposed for interaction with metal ions.0
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Figure 4 Effect of pH.3.4. Effect of pH
The pH plays an important role in the adsorption process by
affecting the surface charge of the adsorbent, the degree of ion-
ization and speciation of the adsorbate. Thus the effect of pH
in the solutions on the removal efﬁciency of Pb(II) in single
and quaternary systems was studied at different pHs range
from 2 to 7 and the results are shown in Figure 4. The acidity
of medium affects the competition of H+ ion and the metal
ions for active sites on the adsorbent surface (Behmou coubi
and Tanouti Nibou, 2005). At a lower pH, there is more com-
petition of H+ ion and metal ions for the available adsorption
sites. However, as pH increases, this competition decreases as
these surface active sites become more negatively charged,
which enhances the adsorption of the positively charged metal
ions through electrostatic force of attraction (Unuabonah
et al., 2008a). The maximum removal of Pb(II) in single and
quaternary metal ions was observed at pH 6 and after pH 6
it starts dissociating. The point of zero charge (pHzpc) was
found to be 6 (Figure 5).0
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Figure 6 Langmuir isotherm.
Table 3 Adsorption Isotherms of Pb (II) ion for 30 C.
Langmuir Isotherm qm b R
2
Pb 53.19 0.1345 0.8647
Pb + Cu+ Ni + Cd 50.50 0.4186 0.8809
Freundlich Isotherm Kf 1/n R
2
Pb 9.189 0.4918 0.9673
Pb + Cu+ Ni + Cd 14.28 0.4340 0.8409
Temkin Isotherm Kt B1 R
2
Pb 7.163 21.706 0.9521
Pb + Cu+ Ni + Cd 4.017 10.365 0.9083
D-R Isotherm qm b R
2
Pb 29.26 0.4036 0.7867
Pb + Cu+ Ni + Cd 35.8 0.3154 0.8116
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Figure 8 Temkin Isotherm.
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The adsorption equilibrium is usually described by an isotherm
equation whose parameters express the surface properties and
afﬁnity of the adsorbent. Adsorption isotherms can be gener-
ated based on theoretical models where Langmuir and Freund-
lich models are the most commonly used (Unuabonah et al.,
2008). The Langmuir model assumes that uptake of metal ions
occurs on a homogenous surface by monolayer adsorption
without any interaction between adsorbed ions. The linear
form of Langmuir isotherm equation is given as (Langmuir,
1918):
Ce=qe ¼ 1=b:qm þ Ce=qm ð3Þ
where qe is the equilibrium capacity of Pb on the adsorbent
(mg/g), Ce is the equilibrium concentration of lead solution
(mg/L), qm is the monolayer adsorption capacity of the adsor-
bent (mg/g), and b is the Langmuir constant (L/mg) which is
related to free energy of adsorption. A plot of Ce/qe vs. Ce
at different temperatures is shown in Figure 6 and the values
obtained are given in Table 3.
Freundlich isotherm is applied for multilayer adsorption on
heterogeneous adsorbents and it is assumed that adsorption
sites increase exponentially with respect to heat of adsorption0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
0 0.2 0.4 0.6 0.8 1 1.2 1.4
log Ce
lo
g 
qe
Pb
Pb+Cu+Ni+Cd
Figure 7 Freundlich Isotherm.and Freundlich equation is an empirical equation. The linear
form of Freundlich equation is given as (Freundlich, 1906):
log qe ¼ logKf þ logCm ð4Þ
where Kf ((mg/g) (L/mg)
(1/n)) and 1/n are Freundlich constants
related to adsorption capacity and adsorption intensity respec-
tively. The plot of log qe vs. log Ce at 30 C is shown in Figure
7 and the values of the constant and correlation coefﬁcient (R2)
are given in Table 3. The values of R2 and n predict the feasi-
bility and favorability of adsorption isotherm.
Heat of adsorption and the adsorbent–adsorbate interac-
tion on adsorption isotherm were studied by Temkin and
Pyzhev (1940). The Temkin isotherm equation is given by
Qe ¼ RT=b lnðKtCeÞ ð5Þ
The linearized form of equation is
Qe ¼ B1 lnKt þ B1 lnCe ð6Þ
where B1 = RT/b, T is the absolute temperature in Kelvin, R
is the universal gas constant (8.314 J/mol K), Kt is the equilib-
rium binding constant (L/mg) and B1 is related to heat of
adsorption. A plot of ln qe vs. ln Ce at different temperatures
is shown in Figure 8 and the values of constant are given in
Table 3.0
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eral than the Langmuir isotherm, because it does not assume
a homogeneous surface or constant sorption potential. The
D–R equation is described as follows (Akcay, 2006).
ln qe ¼ ln qm  be2 ð7Þ
where, b is a constant related to the mean free energy of adsorp-
tion per mole of the adsorbate (mol2/KJ2), qm is the theoretical
saturation capacity, and e is the Polanyi potential, which is equal
to RT ln (1+(1/Ce)), where R (8.314 J mol1 K1) is the gas
constant, and T is the absolute temperature. A plot of ln qe vs.
e2 at different temperatures is shown inFigure 9. The adsorption
isotherm studies show that data in the case of lead ion are ﬁtted
well with Freundlich and Temkin isothermwhereas in the case of
combination of metal ions it follow the Temkin isotherm.
The Freundlich type adsorption isotherm is an indication of
surface heterogeneity of the adsorbent, while Langmuir type
isotherm demonstrates surface homogeneity of the adsorbent.
This leads to the conclusion that the surface of the adsorbent is
made up of small heterogeneous adsorption patches which are
very much similar to each other in adsorption capability. ThisTable 4 Kinetic parameter of Pb (II) ion.
Pseudo-ﬁrst-order
Pb Pb + Cu+ Ni + Cd
Qe (cal) 5.33 2.88
Qe (exp) 18.00 23.5
K1 0.10824 0.0693
R2 0.9744 0.9905
Pseudo-second-order
Qe (cal) 18.11 23.58
Qe (exp) 18.00 23.50
K2 6.3807 · 103 25.045 · 103
R2 1 1
Intraparticle diﬀusion
Kid 0.0294 0.018
C 14.98 21.393
R2 0.8184 0.9143
Elovich equation
A 14.274 20.776
B 0.8129 0.584
R2 0.8444 0.9112study found that metal uptake differences in adsorption capac-
ity are due to the individual properties of each adsorbent, such
as structure, functional groups and surface area (Gok et al.,
2008).
3.6. Adsorption kinetics
In order to examine the controlling mechanism of adsorption
process various models such as Pseudo-ﬁrst-order, pseudo-
second-order, intraparticle diffusion and Elovich equation
were used to test the experimental data.
The pseudo-ﬁrst-order equation given by Lagergren
(Lagegren, 1898) was widely used for the adsorption of li-
quid/solid system on the basis of solid capacity. Its linearized
form of equation is
logðqe  qtÞ ¼ log qe  K1t=2:303 ð8Þ
where qe is the adsorption capacity of heavy metals (mg/g), qt
is the adsorption capacity at time t (mg/g), and K1 is the rate
constant (min1). The values of K1 and R
2 at 50 mg/l for Pb(II)
in single and quaternary systems of metal ions were calculated
from a linear plot of log (qe–qt) vs. t as shown in Figure 10 and
are given in Table 4. The calculated values of qe do not match
with the experimental values of qe and R
2 values are also low,
so it do not follow pseudo-ﬁrst-order kinetics.0
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Figure 12 Intraparticle diffusion.
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Figure 13 Elovich equation.
Table 5 Thermodynamic parameter of Pb(II) ion.
Metal ion Temp (K) DG0 DH0 DS0 R2
Pb 303 4.176 4.25 0.081 0.8642
313 5.18
323 6.55
Pb + Cu
+Ni + Cd
303 6.151 19.28 0.0835 0.9158
313 7.13
323 8.51
S418 R. Ahmad, S. HaseebTherefore, the kinetic data were further analyzed by using
pseudo-second-order kinetics equation. The linearized form
of equation is as follows (Mckay and Ho, 1999).
t=qt ¼ t=qe þ 1=K2q2e ð9Þ
where qt is the amount of metal ion adsorbed (mg/g) at given
time t (min), qe is the amount of metal ion adsorbed at equilib-
rium (mg/g) and K2 is the pseudo-second-order rate constant
for adsorption (g/mg min). A plot of t/qt vs. t is shown in
Figure 11. The results were compared with the correlation
coefﬁcient (R2) and are given in Table 4. The R2 value for
pseudo-second-order is the highest as compared to pseudo-
ﬁrst-order kinetics. The qe (exp) value of pseudo-second-order
also agreed well with the qe (cal) as compared to ﬁrst order
kinetics and therefore, the data arebest followed by the
pseudo-second-order kinetics in both the cases.
The kinetic data were analyzed by the intra particle diffu-
sion model to elucidate the diffusion mechanism (Ho and
Mckay, 1998).
qt ¼ Kidt1=2 þ C ð10Þ
where Kid (mg/g min
1/2) is the intra-particle diffusion con-
stant and qt is the adsorption capacity at time t (mg/g). The
values of Kid, C, and R
2 were calculated from the slope of plot
qt vs. t1/2 as shown inFigure 12 and given in Table 4. The value
of intercept gives an idea about the boundary layer thickness0
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Figure 14 log Kc vs 1/T.i.e. larger the intercept; greater is the boundary layer effect
(Weber and Moriss, 1963). It is seen from Table 4, that the
value of intercept is not zero but high and it increases in the
case of combination of metal ions. This result implies that
boundary layer diffusion is the rate controlling step for the
adsorption process and it is dominant when Pb(II) ion concen-
tration is higher.
The adsorption data were further tested with the Elovich
equation which is expressed as (Kannan and Sundaram, 2003).
Qt ¼ Aþ B ln t ð11Þ
where A and B are Elovich constants. The values of A, B and
R2 are calculated from Figure 13 and given in Table 4. From
Table 4, it is evident that the experimental data are best fol-
lowed by pseudo-second-order kinetics in both the cases.
3.7. Effect of ionic strength
The effect of ionic strength on the adsorption of lead ion was
studied using 0.001 N NaNO3, 0.1 N NaNO3, and 0.5 N
NaNO3 solutions. It was observed that the rate of adsorption
is more in the case of 0.1 N NaNO3 solution. It also suggested
that increasing electrolyte concentration can cause screening of
surface negative charges by the electrolyte ions leading to a
drop in the adsorption of the metal ions (Coles and Yong,
2002). Therefore, a decrease in adsorption of metal ion with
increasing ionic strength of electrolyte implies that increasing
ionic strength is making the potential of the adsorbent surface
less negative and thus would decrease metal ion adsorption
(Behmou coubi and Tanouti Nibou, 2005).
3.8. Thermodynamic studies
The thermodynamic factors were studied in the temperature
range of 303–323 K. The thermodynamic parameters such as
enthalpy change (DH0), entropy change (DS0) and Gibbs free
energy change (DG0) were estimated using the following equa-
tions (Namasinayam and Yauuna, 1995).
Kc ¼ Ca=Ce ð12Þ
DG0 ¼ RT lnKc ð13Þ
where Kc is the equilibrium constant, Ce is the equilibrium
concentration in solution (mg/L), and Ca is the solid phase
concentration at equilibrium (mg/L). DH0 and DS0 were deter-
mined by Van’t Hoff equation:
logKc ¼ DS0=2:303R DH0=2:303RT ð14Þ
Table 6 Adsorption capacity of Pb(II) on various adsorbents.
Adsorbent Qmax (mg/g) References
Banana peel 2.18 Anwar et al. (2010)
Acacia Nilotica 2.51 Sadia et al. (2012)
Areca waste 3.37 Li et al. (2010)
Sawdust 6.54 Yasemin and Zeki (2007)
Ion imprinted PVI copolymer 7.60 Cesar et al. (2012)
Sawdust pinus sylvestris 9.71 Taty-Costodes et al., 2003
Activated carbon of melocana 10.66 Lalhruaitluanga et al., 2010
Chitosan coated sand 12.32 Wan et al. (2010)
Activated carbon hazelnut 13.05 Imamoglu and Tekir (2008)
Rhizopus 18.00 Smith (1981)
Orange peel 21.05 Tang et al. (2007)
Peanut hull 30.43 Brown et al. (2000)
Activated Carbon date pits 30.70 Abdulkarim and Al-Rub (2004)
Meranti sawdust 34.25 Rafatullah et al. (2009)
Activated carbon agricultural byproducts 36.05 Johns et al. (1998)
Amino functionalized Fe3O4 nanoparticle 40.10 Yanging et al. (2012)
Algal waste 44.00 Vilar et al. (2005)
Mansolnia wood sawdust 51.81 Ofomaja et al. (2010)
Treated sawdust 52.38 Meena et al. (2008)
Mentha piperita 53.19 This study
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the intercept of the plot log Kc vs. 1/T as shown in Figure 14
and presented in Table 5. The values of DG0 are negative con-
ﬁrming the adsorption of Pb (II) in single and quaternary sys-
tems of metal ions onto adsorbent as spontaneous and
thermodynamically favorable at a high temperature. The posi-
tive value of DH0 indicates the reaction to be endothermic in
nature. While the positive value of DS0 indicates randomness
at solid/liquid solutions interface during adsorption of Pb(II).
It was observed that in case of quaternary system, higher val-
ues of DG0, DH0 and DS0 as compared to single system.
The magnitude of activation energy explains the type of
sorption. Two main types of adsorption can occur, physical
or chemical. In physical adsorption, the equilibrium is usually
attained rapidly and easily reversible, because the energy
requirements are small. The activation energy for physical
adsorption is usually not more than 4.2 kJ/mol, because the
forces involved in physical adsorption are weak. Chemical
adsorption is speciﬁc and involves forces much stronger than
those of physical adsorption. Therefore, activation energy for
chemical adsorption is of the same magnitude as the heat of
chemical reactions (Ucun et al., 2008). A plot of ln k2 versus
1/T gives a straight line, and the corresponding activation en-
ergy was determined from the slope of linear plot as given by
Arrhenius relationship (Baysal et al., 2009).
lnKc ¼ Ea=RTþ lnKO ð15Þ
The value of activation energy is found to be 20.60 kJ/mol K
and Ko is found to be 17.931 for the single metal ion system;
whereas in the case of quaternary system the value of activa-
tion energy is found to be 19.06 kJ/mol K and Ko is found
to be 21.33 KJ/mol.
3.9. Comparative study of the adsorbent
In order to evaluate the feasibility of the adsorbent and to
compare the adsorption capacity with other non conventionaladsorbents a comparative study is presented in Table 6. It is
evident from the table that Mentha piperita carbon (MTC)
has got the highest monolayer adsorption capacity of
(53.19 mg/g) among all the adsorbents.
3.10. Desorption
The desorption of lead ions was carried out using 0.1 M HCl
and 0.1 M acetic acid. It was found that more than 90% of
lead ions are desorbed by 0.1 M HCl.
4. Conclusion
The mentha treated carbon (MTC) is proved to be a good
adsorbent for the removal of Pb(II) from aqueous solution.
The equilibrium was attained in 180 min. The maximum
adsorption was observed at pH 6. The adsorption isotherm
studies show that data are ﬁtted well with Freundlich and
Temkin isotherm in the single system whereas in the case of
quaternary system it follow the Temkin isotherm. The kinetics
data show that boundary layer diffusion is the rate controlling
step for the adsorption process and it is dominant when Pb(II)
ion concentration is higher. The adsorption of Pb(II) increases
with the increase in the ionic strength of the solution. The po-
sitive value of DH0 indicates the reaction to be endothermic in
nature. While the positive value of DS0 indicates randomness
at solid/liquid solutions interface during adsorption of Pb(II).
The value of activation energy is found to be 20.60 kJ/mol K
indicating physiosorption.Acknowledgement
The help from Maulana .Azad Foundation is greatly acknowl-
edged for providing ﬁnancial assistance to Mrs. Shazia Haseeb
to carry out the work.
S420 R. Ahmad, S. HaseebReferences
Abdulkarim, M., Al-Rub, F.A., 2004. Adsorption of lead ions from
aqueous solution onto activated carbon and chemically-modiﬁed
activated carbon prepared from date pits. Adsorpt. Sci. Technol.
22, 119–134.
Akcay, M., 2006. Characterization and adsorption properties of
tetrabutyl ammonium montmorillonite (TBAM) clay: thermody-
namic and kinetic calculations. J. Colloid Interface Sci. 296, 16–21.
Aksu, Z., 1998. Biosorption of heavy metals by micro algae in batch
and continuous system. In: Wong, Y.S., Tam, N.F.Y. (Eds.),
Wastewater Treatment with Algae. Springer, pp. 37–53 (Chapter 3).
Aksu, Z., Go¨nen, F., Demircan, Z., 2002. Biosorption of chromium
(VI) ions by mowital B3OH resin immobilized activated sludge in a
packed bed: comparison with granular activated carbon. Process
Biochem. 38, 175–186.
BIS Anonymous, 1981. Tolerance limits for industrial efﬂuents pre-
scribed by Bureau of Indian Standards, IS 2490 (Part I), New Delhi.
Anwar, J., Shaﬁque, U., Waheed-uz-Zaman, Salman., Dar, M.,
Anwar, S., 2010. Removal of Pb(II) and Cd(II) from water by
adsorption on peels of banana. Bioresour. Technol. 101, 1752–
1755.
Balaria, A., Schiewer, S., Schiewer, S., 2008. Assessment of biosorp-
tion mechanism for Pb binding by citrus pectin. Sep. Purif.
Technol. 63, 577–581.
Baysal, Z., Cınar, E., Bulut, Y., Alkan, H., Dogru, M., 2009.
Equilibrium and thermodynamic studies on biosorption of Pb(II)
onto Candida albicans biomass. J. Hazard. Mater. 161, 62–67.
Behmou coubi, L.A., Tanouti Nibou, B.A., 2005. Adsorption of metal
ions on moroccan stevensite: kinetic and isotherm studies. J.
Colloid Interface Sci. 282, 320–326.
Bhattacharjee, S., Chakrabarty, S., Maity, S., 2003. Removal of lead
from contaminated water bodies using sea nodule as an adsorbent.
Water Res. 37, 3954–3966.
Brown, P., Jefcoat, I.A., Parrish, D., Gil, S., Graham, E., 2000.
Evaluation of the adsorptive capacity of peanut hull pellets for
heavy metals in solution. Adv. Environ. Res. 4, 19–29.
Coles, C.A., Yong, R.N., 2002. Aspects of kaolinite characterization
and retention of Pb and Cd. Appl. Clay Sci. 22, 39–45.
Eren, E., Afsin, B., Onal, Y., 2009. Removal of lead ions by acid
activated and manganese oxide-coated bentonite. J. Hazard. Mater.
161, 677–685.
Freundlich, H.M.F., 1906. Oberdie adsorption in losungen. Ztg. Phys.
Chem (Leipzig) 57, 385–470.
Ghodbane, I., Nouri, L., Hamdaoui, O., Chiha, M., 2008. Kinetic and
equilibrium study for the sorption of cadmium (II) ions from
aqueous phase by eucalyptus bark. J. Hazard. Mater. 152, 148–158.
Gok, O., O¨zcan, A., Erdem, B., O¨zcan, A.S., 2008. Prediction of the
kinetics, equilibrium and thermodynamic parameters of adsorption
of ions onto 8-hydroxy quinoline immobilized bentonite. Colloids
Surf. A: Physicochem. Eng. Aspects 317, 174–185.
Ho, Y.S., Mckay, G., 1998. Sorption of dye from aqueous solution by
peat. Chem. Eng. J. 70, 115–124.
Igbal, M., Edyvean, R.G.J., 2004. Biosorption of lead, copper and zinc
ions on loofa immobilized biomass of Phanerochaete chysosporium.
Miner. Eng. 17, 217–223.
Imamoglu, M., Tekir, O., 2008. Removal of Cu(II) and Pb(II) ions
from aqueous solutions by adsorption on activated carbon from a
new precursor hazelnut husks. Desalination 228, 108–113.
Jalali, R., Ghafourian, H., Asef, Y., Davarpanath, S.J., Sepehr, S.,
2002. Removal and recovery of lead using non-living biomass of
marine algae. J. Hazard. Mater. B92, 253–262.
Johns, M.M., Marshall, W.E., Toles, C.A., 1998. Agricultural by-
products as granular activated carbons for adsorbing dissolved
metals and organics. J. Chem. Technol. Biotechnol. 71, 131–140.Lagegren, S., 1898. Zur, Theorie der S genannten adsorption geloster
stoffe. K. Sven. Ventenkapsakad. Handl. 24, 1–39.
Lalhruaitluanga, H., Jayaram, K., Prasad, M.N.V., Kumar, K.K.,
2010. Pb(II) adsorption from aqueous solution by raw and
activated charcoals of melocanna baccifera roxburgh (bamboo)- a
comparative study. J. Hazard. Mater. 175, 311–318.
Langmuir, I., 1918. The constitution and fundamental properties of
solids and liquids. J. Am. Chem. Soc. 38, 2221–2295.
Liu, C., Bai, R., Ly, R.San, 2008. Selective removal of copper and lead
ion by diethylenetriamine-functionalized adsorbent: behaviors and
mechanisms. Water Res. 42, 1511–1522.
Lo, W., Chua, H., Lam, K.H., Bi, S.P., 1999. A comparative
investigation on the biosorption of lead by ﬁlamentous fungal
biomass. Chemosphere 39, 2723–2736.
Mahmoud, M.E., 2006. Encyclopedia of Chromatography Second
Edition, pp. 1–14, Published on 27 March, 10.1081/E-ECHR-
12004279.
Mckay, G., Ho, Y.S., 1999. Pseudo-second-order model for adsorption
processes. Process Biochem. 34, 451–465.
Meena, A.K., Kadirvelu, K., Mishra, G.K., Rajagopal, C., Nagar, P.N.,
2008. Adsorptive removal of heavy metals from aqueous solution by
treated sawdust (Acacia arabica). J. Hazard. Mater. 150, 604–611.
Naiyaa, T.K., Bhattacharya, A.K., Mandal, S., Das, S.K., 2009. The
sorption of Pb (II) ions on rice husk ash. J. Hazard. Mater. 163,
1254–1264.
Namasinayam, C., Yauuna, R.T., 1995. Adsorption of chromium (VI)
by a low cost adsorbent: biogas residual slurry. Chemosphere 30,
561–578.
Ngah, W.S.W., Hanaﬁah, M.A.K.M., 2008. Biosorption of copper
ions from dilute aqueous solutions on base related rubber (Hevea
brasiliensis) leaves powder: kinetics, isotherm and biosorption
mechanism. J. Environ. Sci. 20, 1168–1176.
Ofomaja, A.E., Unuabonah, E.I., Oladoja, N.A., 2010. Competitive
modeling for the biosorptive removal of copper and lead ions from
aqueous solution by mansonia wood sawdust. Bioresour. Technol.
101, 3844–3852.
Rafatullah, M., Sulaiman, O., Hashim, R., Ahmad, A., 2009.
Adsorption of Cu(II), Cr(III) Ni(II) and Pb(II) ions from aqueous
solutions by meranti sawdust. J. Hazard. Mater. http://dx.doi.org/
10.1016/j.jhazmat.2009.05.066.
Rais, A., 2009. Studies on adsorption of crystal violet dye from
aqueous solution onto Coniferous Pinus Bark Powder (CPBP). J.
Hazard. Mater. 171, 767–773.
Rais, A., Kumar, R., 2010. Adsorption studies of hazardous malachite
green onto treated ginger waste. J. Environ.Manage. 91, 1032–1038.
Rais, A., Kumar, R., 2011. Adsorption of amaranth dyes onto alumina
reinforced polystyrene. J. Clean-Soil, Air, Water 39, 74–82.
Rodavic, L.R., 2008. Chemistry and Physics of Carbon. Taylor and
Francis.
Sekhar, K.C., Kamala, C.T., Chary, N.S., Sastry, A.R.K., Nageswara,
R., Vairamani, M., 2004. Removal of lead from aqueous solutions
using an immobilized biomaterial derived from a plant biomass. J.
Hazard. Mater. B108, 111–117.
Selania, A., Boukazoula, A., Kechid, N., Bakhti, M.Z., Chergui, A.,
Kerchich, Y., 2004. Biosorption of Pb (II) from aqueous solution
by a bacterial dead Streptomyces rimosus biomass. Biochem. Eng.
J. 19, 127–135.
Smith, J.M., 1981. Chemical Engineering Kinetics, third ed. McGraw-
Hill, New York.
Taty-Costodes, T.V.C., Fauduet, H., Porte, C., Delacroix, A., 2003.
Removal of Cd(II) and Pb(II) ions, from aqueous solutions, by
adsorption onto sawdust of Pinus sylvestris. J. Hazard. Mater.
B105, 121–142.
Temkin, M.J., Pyzhev, V., 1940. Recent modiﬁcation to Langmuir
isotherm. Acta Physiochem. USSR 12, 217–222.
Adsorption of Pb(II) on Mentha piperita carbon (MTC) in single and quaternary systems S421Ucun, H., Bayhan, Y.K., Kaya, Y., 2008. Kinetic and thermodynamic
studies of the biosorption of Cr(VI) by Pinus sylvestris Linn. J.
Hazard. Mater. 153, 52–59.
Unuabonah, E.I., Adebowale, K.O., Olu-Owolabi, B.I., Yang, L.Z.,
Kong, L.X.a., 2008a. Adsorption of Pb(II) and Cd(II) from
aqueous solutions onto sodium tetraborate-modiﬁed kaolinite clay:
equilibrium and thermodynamic studies. Hydrometallurgy 93, 1–9.
Vilar, V.J.P., Botelho, C.M.S., Boaventura, R.A.R., 2005. Boaventura,
Inﬂuence of pH, ionic strength and temperature on lead biosorp-tion by Gelidium and agar extraction algal waste. Process Biochem.
40, 3267–3275.
Volesky, B., 2001. Detoxiﬁcation of metal-bearing efﬂuents: biosorp-
tion for the next century. Hydrometallurgy 59, 203–221.
Weber, W.J., Moriss, J.C., 1963. Kinetic of adsorption on carbon from
solution. J. Sanit. Eng. Div. Am. Soc. Civil Eng. 89, 31–60.
Yasemin, B., Zeki, T., 2007. Removal of heavy metals from aqueous
solution by sawdust adsorption. J. Environ. Sci. 19, 160–166.
